Oscillation theorems for 4-dimensional Emden-Fowler differential systems (Mathematical models and dynamics of functional equations) by 内藤, 学
Title
Oscillation theorems for 4-dimensional Emden-Fowler
differential systems (Mathematical models and dynamics of
functional equations)
Author(s)内藤, 学








Oscillation theorems for 4-dimensional Emden-Fowler
differential systems
(Manabu Naito)
Faculty of Science, Ehime University
1. $*$
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(1.1) $\{\begin{array}{l}u_{1}’=a_{1}(t)|u_{2}|^{\lambda_{1}}\mathrm{s}\mathrm{g}\mathrm{n}u_{2}u_{2}’=a_{2}(t)|u_{3}|^{\lambda_{2}}\mathrm{s}\mathrm{g}\mathrm{n}u_{3}u_{\mathrm{a}}’=a_{3}(t)|u_{4}|^{\lambda_{S}}\mathrm{s}\mathrm{g}\mathrm{n}u_{4}u_{4}’=-a_{4}(t)|u_{1}|^{\lambda \mathrm{r}}\mathrm{s}\mathrm{g}\mathrm{n}u_{1}\end{array}$
. , $i=1,2$ , $3,4$ , $\lambda_{:}$ , $a_{1}.(t)$ $[t_{0}, \infty)$
$a:(t)>0(t\geq t_{0})$ .
$I\subset[t_{0}, \infty)$ $u(t)=$ ($u_{1}$ (t), $u_{2}(t),$ $u_{3}($t), $u_{4}(t)$ ) $I$
(1.1) , $u$ (y $u:(t)$ $I$ $C^{1}$
, $t\in I$ (1.1) . $u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),u_{4}(t)$)
$[T, \infty),$ $T\geq t_{0}$ , (1.1) , (11) $a:(t)$
$a_{1}.(t)>0(t\geq t_{0})$ , $u(t)$ $u_{*}.(t)$
(nonoscillatory) , , , $u(t)$ $u:(t)$
(oscillatory) , . , ,
(1J) $u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),$ $u$4(t)) (nonoscillatory) ,
(1.1) $u(t)=$ ($u_{1}$ (t), $u_{2}(t),$ $u_{3}(t),$ $u_{4}(t)$ ) (oscillatory)
$1^{)}\check{\mathcal{D}}$ .
, (1.1) ( ,
, (1.1) )
. (1.1) 1 4 [4]










, (1.5) [5], [3] , (1.6)
Wu [8], -Wu [7], - $[1, 2]$
. , (1.5), (1.6) ? , $\alpha,$ $\beta$ , $r:(t)(i=1,2,3)$ ,
$r$ (t), $p(t)$ $[t_{0}, \infty)$ .
2.
<. , (1J)
$u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),$ $u$4(t)) . $u(t)=$
$(u_{1}(t),u_{2}(t),u_{3}(t),$ $u$4(t) $)$ (1.1) , -u(t) $=(-u_{1}(t), -u_{2}(t),$ $-u_{3}(t),$ $-u_{4}(t))$
(1.1) , $u(t)$ 1 $u_{1}(t)$
(2.1) $u_{1}(t)>0$ for all large $t$ .
2.1. (1.1) (1.4) . $u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),u_{4}(t)$ )
(1.1) (2.1) , 4 1
: $t$
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(2.2) $u_{1}(t)>0$ , $u_{2}(t)>0$ , $u_{3}(t)<0$ , $u_{4}(t)<0$ ;
(2.3) $u_{1}(t)>0$ , $u_{2}(t)>0$ , $u_{3}(t)>0$ , $u_{4}(t)>0$ ;
(2.4) $u_{1}(t)>0$ , $u_{2}(t)>0$ , $u_{3}(t)<0,$ $u_{4}(t)>0$ ;
(2.5) $u_{1}(t)>0$ , $u_{2}(t)<0$ , $u_{3}(t)>0$ , $u_{4}(t)>0$ .
, , (1.4) <. (1.1)
$u(t)=$ ($u_{1}(t),u$2(t), $u_{3}(t),$ $u_{4}(t)$ ) (2.2)\sim (2.5) ,
, ( [6]).
2.2.
(2.6) $\int_{t_{0}}$“a2 (s) $[ \int_{t_{0}}^{s}a_{3}(r)\{\int_{t_{0}}^{r}a_{4}(q)(\int_{t_{0}}^{q}a_{1}(p)dp)^{\lambda_{4}}dq\}^{\lambda_{3}}dr]^{\lambda_{2}}ds<\infty$
, (1.1) (2.2) $u(t)=$ ( $u_{1}$ (t), $u_{2}(t),$ $u_{3}(t),$ $u_{4}(t)$ )
.
2.3. (1.1) (2.3) $u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),$ $u$4(t))
(2.7) $\int_{t\mathrm{o}}^{\infty}a_{4}(s)(\int_{t_{0}}^{s}a$1(r) $dr)^{\lambda_{4}}d$s
.





, (1J) (2.5) $u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),u_{4}(t)$ )
.
2.3, 2.4 , (2.3), (2.4) , ,
( , $\lambda_{:}(i=1,2,3,4)$
80
). , 2.2, 2.5 , , (2.2), (2.5)
. , , (2.2), (2.5)
. , $\lambda_{i}(i=1,2,3,4)$
.
2.6. (i) $\lambda_{1}\lambda_{2}\lambda_{3}\lambda_{4}<1$ . , (1.1) (2.2)
$u(t)=$ ($u_{1}(t),$ $u$2(t), $u_{3}(t),$ $u$4(t)) (2.6)
.
(ii) $\lambda_{1}\lambda_{2}\lambda_{3}\lambda_{4}>1$ . , (1.1) (2.2)
$u(t)=$ ($u_{1}$ (t), $u_{2}(t),$ $u_{3}(t),u_{4}(t)$ )
(2.10) $\int_{t_{0}}^{\infty}a_{3}(s)[\int_{t_{0}}^{l}a_{4}(r)\{\int_{t_{0}}^{f}a_{1}(q)dq\}^{\lambda_{4}}dr]^{\lambda_{S}}(\int_{\epsilon}^{\infty}a_{2}(r)dr)^{\lambda_{1}\lambda_{S}\lambda_{4}}ds<\infty$
.
2.7. (i) $\lambda_{1}\lambda_{2}\lambda_{3}\lambda_{4}<1$ . , (1.1) (2.5)
$u(t)=$ ($u_{1}(t),u$2(t)} $u_{3}(t),$ $u$4(t))
(2.11) $\int_{t_{0}}^{\infty}a_{4}(s)\{\int_{\epsilon}^{\infty}a_{1}(r)(\int_{f}^{\infty}a_{2}(q)dq)^{\lambda_{1}}dr\}^{\lambda_{4}}(\int_{t_{0}}^{s}a$ 3(r) $dr)^{\lambda_{1}\lambda_{2}\lambda_{4}}ds<$
.
(ii) $\lambda_{1}\lambda_{2}\lambda_{3}\lambda_{4}>1$ . , (1.1) (2.5)
$u(t)=$ ($u_{1}$ (t), $u_{2}(t),$ $u_{3}(t),$ $u$4(t)) (2.9)
.
3.
(1.6) . , (1.6) , $\alpha,$ $\beta$
, $r$ (t), $p(t)$ $[t_{0}, \infty)$ . , (1.6)
(3.1) $\{\begin{array}{l}u_{1}’=|u_{2}|\mathrm{s}\mathrm{g}\mathrm{n}u_{\mathit{2}}u_{2}’=\frac{1}{(r(t))^{1/\alpha}}|u_{3}|^{1/a}\mathrm{s}\mathrm{g}\mathrm{n}u_{3}u_{3},=|u_{4}|\mathrm{s}\mathrm{g}\mathrm{n}\mathrm{u}_{4}u_{4},=-p(t)|u_{1}|^{\beta}\mathrm{s}\mathrm{g}\mathrm{n}u_{1}\end{array}$
. (1.1)
$a_{1}(t)\equiv 1$ , a2(t) $= \frac{1}{(r(t))^{1/a}}$ , $a_{3}(t)\equiv 1$ , $a_{4}(t)=p(t)$ ;
81
$\lambda_{1}=1$ , $\lambda_{2}=\frac{1}{\alpha}$ , $\lambda_{3}=1$ , $\lambda_{4}=\beta$
. , (1.6) $r$ (t)
(3.2) $0< \lim\inf\frac{r(t)}{t^{k}}tarrow\infty\leq\lim_{tarrow}\sup_{\infty}\frac{r(t)}{t^{k}}<\infty$ for some $k\in R$
. , (1.4) $k>2\alpha,$ $k>\alpha+1$ .
2.2\sim 2.7 (3.1) .
3.1. (1.6) (3.2) , $k>2\alpha,$ $k>\alpha+1$






(3.5) $\int_{t_{0}}^{\infty}tp$(t)dt $<\infty$ .
(iv) (1.6) (2.5)
(3.6) $\int_{t_{0}}^{\infty}t^{g_{+(-\frac{k}{\alpha}+2)\beta}}\alpha p(t)dt$ .
, $k>2\alpha,$ $k>\alpha+1$ $\alpha>\beta$ , (3.4) (3.3);(3.5)
(3.3);(3.6) (3.3) . , (1.6)
(3.3) . , (3.3) , 3.1 (i)
, [$(2.2)$ ] . , .
3.2. (1.6) (3.2) , $k>2\alpha,$ $k>\alpha+1$
. , $\alpha>\beta$ . , (1.6)
(3.3) .
.
3.3. (1.6) (3.2) , $k>2\alpha,$ $k>\alpha+1$
. , $\alpha<\beta$ .
82
(i) (1.6) (2.2)








(3.8) $\int_{t_{0}}^{\infty}t^{1+(-\frac{k}{\alpha}+}2)\beta$p(t)dt’ $\infty$ .
3.4. (1.6) (3.2) , $k>2\alpha,$ $k>\alpha+1$
. , $\alpha<\beta$ . , (1.6)
(3.8) .
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